industries due to its malleable and ductile properties. Its primary uses involves, the manufacturing of batteries, petrol additives, rolled and extruded products, alloys, pigments, cable sheathing, shot and ammunition 2 . Lead is toxic to multiple organ systems, even at low concentration. The nervous system of the fetus and infant is especially susceptible to lead, which can cross the placenta and penetrate the blood-brain barrier. The consequences are loss of intelligence, growth and disruption of behavior. Recent researches indicate that lead can damage the infant brain at blood levels 5 µg/dL itself 3 . Heavy metal removal techniques include chemical precipitation, chemical oxidation or reduction, evaporation, ion exchange and membrane technologies. Biosorption, an economic-effective and simple method, proceed via., physic-chemical interaction between metal ions and the functional groups present on the adsorbents' surface. Utilization of commercial expensive adsorbents is now getting replaced by low cost materials, owing to its availability in large quantities. Once, if the solid material could be used as a sorbent, it provides another advantage of solid waste disposal 4 . Bones are a part of the composite that gives shape and support to animals. Tooth enamel and bone have a quite dissimilar composition and therefore have different physical and mechanical properties. Tooth enamel is the hardest and most highly mineralized substance in the body. It is 96% mineral (calcium is found as Hydroxyapatite (Ca 10 [PO 4 ] 6 [OH] 2 ), with water and 4% protein 5 . The high mineral contents provide it strength and hardness, but also brittleness. Goat teeth routed in jaw are a solid waste dumped in butcher's shop, later being discarded as a no cost waste. It is a shear litter other than being helpful in determining the age of a goat. The anatomical image of goat teeth is shown fig 1. The waste goat teeth, is employed in the current study for the removal of Pb(II) ions. The choice of the material is based on the fact that replacement of calcium ions from the mineral calcium phosphate by Pb(II) ions is favorable 6 , arranged in a crystalline structure known as Hydroxyapatite. The adsorption of Pb(II) on goat teeth can be attributed to many factors such as low solubility, complex physical form, relatively high content of reactive groups that can serve as exchange sites. Biosorption efficiency depends upon many factors viz., sorbent dosage/ particle size, contact time, temperature and metal ion concentration/ pH. The equilibrium data for an evaluation of the ability of isothermal and kinetic models to describe the process behavior is calculated. Seldom studies have been reported elsewhere in the literature, on the optimization of biosorption process using goat teeth for trapping heavy metal ions.
Materials And Methods
Goat teeth were collected from a local abattoir and were detached from the strongly bounded jaw bone. Macroscopic impurities like soft tissues/ bone marrow associated with teeth were removed carefully under running water and dried in the sunlight for a period of ten days. The preliminary screening batch studies were performed with raw, pre-cleaned goat teeth (RGT). It is pulverized in a electrical mixer and sieved using Scientifically Tested Molecular Sieves (JAYANT Scientific Instruments Co., Mumbai) to assess the efficiency of the untreated material (GT). The pictorial representation of (RGT) and pulverized material (GT) are shown in fig. 2 Goat teeth were rinsed with distilled water and air dried followed by soaking in acid 0.1 N HCl for 4 h at room temperature. The Treated Goat Teeth (TGT) was subjected to several washings with doubly distill water until a pH 7.0 ± 0.5 was attained (Labtronics Deluxe pH meter), air dried, powdered using electrical mixer and categorized to the desired particle sizes. 
Fig. 1: Anatomy of Goat Teeth

Characterization Studies
Surface Morphological Studies
The treated and Pb(II) loaded TGT were subjected to spectral analyses (within the range of 400-4000 cm -1 ) to determine the main functional groups present in the sorbents using Shimadzu Infrared Spectrophotometer. The surface morphology of the treated goat teeth before and after Pb(II) sorption was examined using JEOL JFM-6390 Scanning Electron Microscope (20 kV) under vacuum of 1.33 x10 -6 m Bar. The samples were covered with a thin layer of platinum (10 nm) using a sputter coater (SCD 0050 -Baltec, Liechenstein) and subjected to scanning for the determination of the chemical composition. Energy dispersive X-Ray analysis was performed for the adsorbents to estimate the element composition.
Metal Solution -Preparation
All the reagents employed for the experimental setup were of Analytical Grade. The solutions were prepared using doubly distilled water. A stock solution of 1000 mg/L was prepared by dissolving 1.598g of Pb(NO 3 ) 2 in a 1 litre standard flask. Standard solutions of varied concentrations were prepared from the stock and further aliquots were done by respective dilutions as and when required. pH environments were adjusted by and large using 0.1N HCl / 0.1 N NaOH. Equilibration studies were carried out in 250 ml iodine flasks, with 50 ml of sorbate species at variable dosage of TGT (0.1, 0.2, 0.5 and 1g), in a rotary shaker(KEMI) to describe the role of variables viz., particle sizes (0.18mm, 0.21mm, 0.30mm, 0.42mm and 0.71mm), contact time (5, 10, 30, 60 min), initial metal ion concentration (100-1000: 250mg/L interval) and pH (1,3,5,7 and 9).
Desorption / regeneration Studies
Following batch studies, a pilot column was run to check the desorption / regeneration capacity of the chosen material at a flow of 200ml / 5min with a load of 40mg using 0.1N HCl as the desorbing agent. The initial and residual Pb(II) ion concentrations were recorded using AAS (Shimadzu 6200 AA Atomic Absorption Spectrophotometer) at a wavelength of 283 nm. The percentage values and the amounts of Pb(II) adsorbed from aqueous solutions were calculated using the equations, % adsorption = (C i -C e ) / C i × 100 and q = V(C i -C e ) / W respectively.
Experimental Verification Studies
The mathematical isotherm models developed by Langmuir, Freundlich, Tempkin and Dubinin-KaganerRadushkevich were applied to the equilibrium data in order to understand the sorption mechanism. The efficiency of the adsorbent was evaluated by following adsorption kinetics viz., pseudo-first order, pseudo-second-order. The calculation was made for the changes in standard free energies, enthalpies and entropies of the adsorption systems to determine the possibility and feasibility of the sorption reactions. The extent of statistical fit was verified using the output variable tools viz., ANOVA, Pearson Correlation and descriptive analysis with significance based on 95% confident level using IBM SPSS Statistics 20 software.
results And Discussion
Sorptive ability of Goat Teeth (GT) and HCl treated GT (TGT) were screened separately. An increase in the biosorption of Pb(II) ions was observed using TGT against GT (fig 3) . This could be due to more exposure of active metal binding sites, after subjecting the material to acid treatment Table 1 reveals the physiochemical characteristic study of TGT affecting the adsorptive capacity. TGT exhibits neutral pH value. Low moisture content value implies stable nature with seldom storage problem of the prepared material 8 . Ash content value (≈ 1%) favor the presence of scrimpy inorganic matter with abundant carbon content leading to the availability of greater adsorption sites. Specific gravity value < 2.0 indicate that adsorption onto organic material is inactive during complex formation 9 . Bulk density value <1.2 favors the presence of fine particles with higher pore volume. The porosity represents the micro pore content of the material. High Ca/P ratio proves that TGT is a non-stoichiometric Hydroxyapatite (ie., > 1.67) 10 . (Table 2 ) reveal that the latter possess lower moisture and ash content leading to enhanced active metal binding sites. Lower bulk density values support the large surface area with many pores.
Ir Study
The FT-IR spectra of both treated and Pb(II) loaded TGT systems are represented in Fig. 4 . Pb(II) loaded TGT spectrum has less number of peaks and rise in the peak intensity compared to the unloaded TGT due to metal sorption. 
SEM / EDAX Analysis
The surface morphologies of the treated and loaded samples were analyzed using SEM and EDAX. Irregular coarse surface texture of fig.5a correspond to the unloaded TGT, where surface morphology has undergone specific changes with large flake-like cluster arrangement in the case of metal loaded SEM image (fig 6a) . Fig. 5b, 6b record the EDAX spectra of TGT and Pb(II)-TGT respectively, where the presence of new peak at 12.8 keV correspond to the effective adsorption of Pb(II) onto TGT, apart from Ca, P, O being major constituents as indicated.
Effect Of Initial Metal Ion Concentration And Contact Time
Initial metal ion concentrations in the range of 100-1000 mg/L: 250 mg/L at varied agitation time intervals (5, 10, 30, 60) is represented in fig 8. The amount of metal uptake per unit weight of TGT is (53.59 mg/g to 62.32 mg/g) linearly increased from 100 to 250 mg/L ie., implying the set of concentration gradient. The uptake of heavy metal ions by sorbents has often been observed to occur in two stages. The two stage sorption are first rapid/quantitatively predominant and the second quantitatively insignificant 15 . The initial uptake rate was very rapid later gradual indicative of an equilibrium state attainment at 10 min, aftermath reading a plateau. This result reflects the fixing of initial metal concentration and contact time as 250 mg/L and 10 min respectively.
Fig. 6: SEM / EDAX -Pb(II) loaded TGT
Effect of Particle Size
The sorbent particle size plays a crucial role in biosorption phenomenon of sequestering metal ion from aqueous solutions. The experimental results for the adsorption of Pb(II) at five different particle sizes of TGT (0.18mm, 0.24mm, 0.30mm, 0.41mm and 0.71mm) depicted in fig 7, revealed that a maximum sorption of (62.32mg/g) for the smaller particle size of 0.18mm. This can be attributed to the fact that smaller particle size offers a larger surface area with functional groups and having tendency to equilibrate in a shorter time 14 . Thence, 0.18mm particle size is fixed as optimum size for the forthcoming experiments. 
Isothermal Studies
Isotherms give an expression for encompassing the surface nature and the exponential distribution of active sites with their energies. Four empirical models viz., Langmuir, Freundlich, Tempkin and DKR isotherms were applied to the sorption system of Pb(II) -TGT at varied initial metal ion concentrations (100-1000 mg/L). These isotherms relate metal uptake per unit weight of the adsorbent q e against the equilibrium metal ion concentration in the bulk phase C e . The isothermal equations, sequential plots and corresponding constants involved are listed in Table 4 . The linear plots are arrived based on the concentration values correspondingly depicted in figs: 11-14. , indicate ion exchange explains the sorption mechanism.
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Kinetics Studies Kinetic studies play a greater role in the removal of metal ions from the aqueous solution. The kinetic equations, deduction of relative values to draw consecutive plots and their constants are shown in Table 6 . ) is relatively higher for pseudo second order model as obvious from the best linear fit (Fig 16) , the corresponding sorption capacity (67.1140 mg/g) matching with the experimental value (62.32 mg/g) derived from the data analysis of Batch Study. This facilitates the better description of the adsorption system by pseudo second order kinetic model.
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Thermodynamic Studies
The adsorption mechanism can be determined via thermodynamic factors viz., change in free energy (DG 0 ) was calculated using equations: DG = -RT ln K c . Thermodynamic constants are calculated using the linear regression analysis and listed in 
Desorption / regeneration Studies
The result of the pilot column reveals that the Pb(II) ions have been immobilized on the surface of the sorbent material, thereby no desorption of the divalent ion was observed, after running the column with 0.1N HCl. Moreover, TGT was found to possess 100% regeneration capacity for 5 cycles of repeated sorption. On completion of exhaustion, the saturated TGT can serve as a fertilizer for plants 27 .
Statistical Analysis
A statistical basis calculation (Table 9) supports the experimental values for error free adsorptive environment. Descriptive, Correlation and ANOVA studies were performed to assess significant differences among the four factors viz., particle size, dosage, metal concentrations and pH. A value of P<0.01 was considered as significant. The calculated positive Kurtosis and Skewness values correspond to the peak and degree of asymmetry in the distribution. The Pearson correlation analysis shows the relationship between the dataset. The factors except particle size are positively correlated with experimental data. The assessment of variance (P and F) values were verified using One way ANOVA at 95% confidence level, the P values being < 0.01 and F > F crit -value favor the data to be statistically significant i.e., the rejection of null hypothesis is observed in all parameters except dosage.
Conclusion
Goat teeth, a solid waste dumped in local butcher's shop were collected, treated and subjected to equilibration studies to evaluate its trapping ability of Pb(II) ions. The batch studies indicated 100% removal on Pb(II) by TGT at optimized condition of 0.18 mm sorbent's particle size, 250 mg/L initial metal concentration, 0.2 g sorbent dosage, 10 min equilibration time and pH 5 at room temperature (293K). Physic-chemical parameters, FT-IR, SEM/ EDAX analyses of treated and metal laden TGT registered the whole mass adsorption process. The sorption data fitted were into Langmuir, Freundlich, Temkin and Dubinin-Kaganer-Radushkevich isotherms amongst which Langmuir Adsorption model was found to possess the highest regression value compared to other isotherms. The sorption kinetic studies followed Pseudo second order mechanism. Thermodynamic calculations indicated the feasibility, exothermicity and spontaneity of the adsorption process. Though not carbonized, the chemically modified goat teeth possessed excellent sorption capacity (62.32 mg/g) in the removal of Pb(II) ions. No leaching out of the metal ions from the exhausted TGT was observed with 0.1N HCl as the desorbing agent. Regeneration capacity of the metal loaded material was recorded as 100% for 5 cycles of repeated sorption. Thus, it is concluded that this inexpensive material is promising adsorbent for trapping heavy metals from laboratory aqueous solutions. The future scope of this work lies in the initiation of scaling up the adsorption process to industrial wastewaters. 
